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Abstract
Introduction:  The  performance  of  auditory  steady  state  response  (ASSR)  in  threshold  testing
when recorded  ipsilaterally  and  contralaterally,  as  well  as  at  low  and  high  modulation  frequen-
cies (MFs),  has  not  been  systematically  studied.
Objective:  To  verify  the  inﬂuences  of  mode  of  recording  (ipsilateral  vs.  contralateral)  and
modulation  frequency  (40  Hz  vs.  90  Hz)  on  ASSR  thresholds.
Methods:  Fifteen  female  and  14  male  subjects  (aged  18--30  years)  with  normal  hearing  bilat-
erally were  studied.  Narrow-band  CE-chirp® stimuli  (centerd  at  500,  1000,  2000,  and  4000  Hz)
modulated at  40  and  90  Hz  MFs  were  presented  to  the  participants’  right  ear.  The  ASSR  thresholds
were then  recorded  at  each  test  frequency  in  both  ipsilateral  and  contralateral  channels.
Results: Due  to  pronounced  interaction  effects  between  mode  of  recording  and  MF  (p  <  0.05
by two-way  repeated  measures  ANOVA),  mean  ASSR  thresholds  were  then  compared  among
four conditions  (ipsi-40  Hz,  ipsi-90  Hz,  contra-40  Hz,  and  contra-90  Hz)  using  one-way  repeated
measures ANOVA.  At  the  500  and  1000  Hz  test  frequencies,  contra-40  Hz  condition  produced  the
lowest mean  ASSR  thresholds.  In  contrast,  at  high  frequencies  (2000  and  4000  Hz),  ipsi-90  Hz
condition  revealed  the  lowest  mean  ASSR  thresholds.  At  most  test  frequencies,  contra-90  Hz
produced  the  highest  mean  ASSR  thresholds.
Conclusions:  Based  on  the  ﬁndings,  the  present  study  recommends  two  different  protocols  for
an optimum  threshold  testing  with  ASSR,  at  least  when  testing  young  adults.  This  includes
the use  of  contra-40  Hz  recording  mode  due  to  its  promising  performance  in  hearing  threshold
estimation.
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PALAVRAS-CHAVE
Resposta  auditiva  de
estado  estável;
Limiar  auditivo;
Registro
contralateral;
Registro  ipsilateral
Modo  de  registro  e  efeitos  da  modulac¸ão  em  frequências  nos  limiares  de  resposta
auditiva  de  estado  estável
Resumo
Introduc¸ão:  O  desempenho  da  resposta  auditiva  de  estado  estável  (RAEE)  em  testes  de  limiar
com registros  ipsilateral  e  contralateral,  e  modulac¸ões  em  frequências  (MFs)  não  tem  sido
sistematicamente  estudados.
Objetivo:  Veriﬁcar  a  inﬂuência  do  modo  de  registro  (ipsilateral  vs.  contralateral)  e  da
modulac¸ão em  frequências  (40  Hz  vs.  90  Hz)  nos  limiares  de  RAEE.
Método:  Foram  estudados  15  mulheres  e  14  homens  (18-30  anos)  com  audic¸ão  bilateral  normal.
Estímulos  CE-chirp® de  banda  estreita  (centrados  em  500,  1.000,  2.000  e  4.000  Hz)  modula-
dos em  40  e  90  Hz  de  MF  foram  apresentados  à  orelha  direita  dos  participantes.  Em  seguida,
os limiares  de  RAEE  foram  registrados  em  cada  frequência  de  teste  nos  canais  ipsilateral  e
contralateral.
Resultados:  Devido  aos  pronunciados  efeitos  de  interac¸ão  entre  o  modo  de  registro  e  MF
(p <  0,05  por  variância  com  dois  fatores  para  medidas  repetidas--ANOVA  duas  vias),  os  limi-
ares médios  de  RAEE  foram  então  comparados  entre  quatro  condic¸ões  (Ipsi-40  Hz,  Ipsi-90  Hz,
Contra-40 Hz  e  Contra-90  Hz),  com  o  uso  de  variância  e  com  um  fator  para  medidas  repetidas
(ANOVA uma  via).  Nas  frequências  de  teste  de  500  e  1.000  Hz,  a  condic¸ão  Contra-40  Hz  pro-
duziu os  mais  baixos  limiares  médios  de  RAEE.  Em  contraste,  em  altas  frequências  (2.000  e
4.000 Hz),  a  condic¸ão  Ipsi-90  Hz  revelou  os  mais  baixos  limiares  médios  de  RAEE.  Na  maioria
das frequências  de  teste,  a  condic¸ão  Contra-90  Hz  produziu  os  mais  elevados  limiares  médios
de RAEE.
Conclusões:  Com  base  nos  achados  do  presente  estudo,  os  autores  recomendam  dois  protocolos
diferentes para  a  realizac¸ão  de  um  teste  de  limiares  ideal  com  RAEE,  pelo  menos  em  adultos
jovens. Isso  inclui  o  uso  do  modo  de  registro  Contra-40  Hz,  devido  ao  seu  desempenho  promissor
nas estimativas  do  limiar  auditivo.
©  2016  Associac¸a˜o  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Ce´rvico-Facial.  Publicado
por Elsevier  Editora  Ltda.  Este e´  um  artigo  Open  Access  sob  uma  licenc¸a  CC  BY  (http://
creativecommons.org/licenses/by/4.0/).
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uditory  steady  state  response  (ASSR)  is  an  electrical
otential  evoked  by  periodic  amplitude  modulated  and/or
requency  modulated  stimuli.  Differently  from  conven-
ional  auditory  evoked  potentials,  ASSR  utilizes  an  objective
hreshold  detection  method,  which  provides  clinicians  and
esearchers  a  convenient  way  for  estimating  behavior  hear-
ng  thresholds.
The  ASSR  thresholds  have  been  shown  to  be  closely
elated  to  pure  tone  audiogram  in  various  studies.  In  fact,
SSRs  evoked  by  stimuli  at  90  and  40  Hz  modulation  fre-
uencies  (MFs)  show  consistency  with  auditory  brainstem
esponse  (ABR)  and  activity  in  the  upper  region  of  cen-
ral  auditory  nervous  system  (CANS),  respectively.1--4 That
s,  similar  to  ABR,  90  Hz  ASSR  is  the  choice  for  estimating
uditory  sensitivity  at  mid  and  high  frequencies.  The  40  Hz
SSR,  however,  performs  like  the  cortical  auditory  evoked
otential  (CAEP),  which  is  suitable  for  determining  auditory
ensitivity  at  low  frequencies.5,6
The  effects  of  mode  of  recording  (i.e., ipsilateral  vs.
ontralateral)  on  ASSR  have  also  been  investigated.  Van
7aanen  and  Stapells conducted  a  study  on  younger  (≤6
onths)  and  older  (>6  months)  infants  with  normal  hear-
ng  bilaterally.  They  recorded  ASSR  threshold  at  500,  1000,
000,  and  4000  Hz  carrier  frequencies  (CFs)  with  MFs  of
f
s
tetween  81  and  101  Hz.  Both  ipsilateral  and  contralateral
ecordings  were  obtained  at  each  CF.  They  then  found  that
he  ipsilateral  recording  yielded  better  ASSR  thresholds  than
ontralateral  recording  at  all  CFs.  Consequently,  they  rec-
mmended  the  use  of  only  ipsilateral  recording  in  ASSR
hreshold  determination,  at  least  when  testing  infants.  On
he  other  hand,  Kaf  and  Danesh8 conducted  a  study  com-
aring  the  ipsilateral  and  contralateral  recordings  of  ASSR
mong  healthy  female  adults.  The  ASSRs  were  recorded  at  an
ntensity  level  of  65  dB  SPL  at  CFs  of  500,  2000,  and  4000  Hz
nd  at  MFs  of  39  and  79  Hz.  They  then  found  no  signiﬁcant
ifferences  of  ASSR  amplitudes  and  latencies  between  the
psilateral  and  contralateral  conditions  at  both  MFs.
Typically,  the  ASSR  testing  is  carried  out  to  estimate
ehavioral  hearing  thresholds.  To  the  best  of  authors’
nowledge,  the  performance  of  ipsilateral  and  contralat-
ral  recordings  of  ASSR  at  threshold  levels  in  adults  has  not
een  systematically  studied,  particularly  at  low  and  high
Fs.  With  regard  to  the  study  by  Kaf  and  Danesh,8 the  ASSRs
ere  only  determined  at  one  ﬁxed  supra-threshold  level.
he  ASSR  outcomes  at  threshold  levels,  nevertheless,  are
nclear  and  might  show  some  differences  with  the  supra-
hreshold  ﬁndings.  In  line  with  this,  Vander  Werff  and  Brown9ound  that  the  ASSRs  recorded  at  supra-threshold  levels  (as
hown  by  the  amplitude  growth  functions)  were  not  advan-
ageous  in  estimating  behavioral  thresholds  in  the  tested
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groups.  Thus,  the  present  study  aimed  to  compare  ASSR
thresholds  between  contralateral  and  ipsilateral  recordings
at  40  and  90  Hz  MFs  in  healthy  young  adults.
Methods
Participants
This  study  employed  descriptive  and  repeated  measures
design.  Fifteen  female  and  14  male  participants  with  age
ranging  from  18  to  28  years  (mean  of  23.4  ±  2.65  years),
right-handed,  with  normal  hearing  in  both  ears  (thresholds
≤15  dB  HL  from  500  to  4000  Hz)  and  without  any  record  of
head  injuries  and  neurological  disorders  or  any  active  ear
pathology  took  part  in  the  study.  All  of  them  agreed  to  volun-
tary  participation  by  signing  the  written  informed  consent.
Prior  to  testing,  an  ethical  approval  from  the  respective
institution  was  obtained,  in  accordance  with  the  Declaration
of  Helsinki  (USM/PPP/JEPeM  [245.3(5)]).
Equipment  and  stimuli
To  ensure  normal  hearing  status,  basic  audiologic  evalu-
ations  including  otoscopy,  admittance  audiometry  (Model
AZ26,  by  Interacoustic)  and  pure  tone  audiometry  (Model  AC
40  two-channel  audiometer)  were  performed  on  all  partici-
pants  in  a  sound-treated  room  within  the  Audiology  Clinic,
University  Hospital.
ASSR  thresholds  were  then  recorded  with  a  two-channel
Eclipse  system  (Interacoustic  Corporation,  Denmark)  and
narrow-band  CE-chirp® signals  centered  at  500,  1000,  2000,
and  4000  Hz  were  used  as  the  test  stimuli.  The  chirp  stimuli
were  designed  to  compensate  for  the  cochlear  delay  and  to
produce  a  bigger  response.10 The  amplitude  and  frequency
modulation  depths  were  100%  and  20%  (±10%),  respectively.
For  each  test  stimulus,  the  modulation  frequencies  were  40
and  90  Hz.  The  stimulus  level  was  calibrated  in  dB  nHL.  The
common  mode  rejection  (CMR)  ratio  of  pre-ampliﬁer  was
more  than  115  dB  at  any  frequency.  The  number  of  epochs
and  time  analysis  were  16  and  1  s,  respectively.  The  recorded
responses  were  ampliﬁed  100,000  times  and  ﬁltered  using  a
band-pass  of  0.1--100  Hz  (12  dB/octave).
Four  scalp  electrodes  were  placed  on  the  participant’s
head:  non-inverting  on  the  forehead,  inverting  on  each  mas-
toid,  and  ground  on  the  cheek.  For  both  ipsilateral  and
contralateral  recordings,  the  insert  earphone  was  placed
only  in  the  right  ear  (i.e., ASSRs  recorded  in  the  right  and
left  channels  represented  ipsilateral  and  contralateral  con-
ditions,  respectively).  The  impedance  of  electrodes  was
maintained  to  be  less  than  3  k  throughout  the  measure-
ments.
ASSR  procedure
After  giving  the  proper  instructions  to  the  participants,  the
ASSR  testing  began.  While  lying  comfortably  on  a  test  bed,
the  stimuli  were  presented  to  the  right  ear  of  the  partic-
ipants  using  the  multiple  auditory  steady  state  response
(MASTER)  technique  through  the  insert  earphone.  This  tech-
nique  offers  a  time-effective  way  for  stimulus  presentation,
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s  four  frequencies  can  be  tested  simultaneously.  The  mea-
urement  started  with  40  Hz  MF  and  was  followed  by  90  Hz
F  recordings,  as  the  participants  were  typically  awake  at
he  beginning  of  the  testing.  Nevertheless,  during  the  40  Hz
SSR  measurements,  the  participants’  state  was  closely
onitored  to  ensure  adequate  wakefulness.
For  detecting  the  response  in  a  quick  and  accurate  man-
er,  the  ASSR  Eclipse  system  utilized  the  ‘Full  Spectrum
etection  Engine’  method.  With  this  method,  amplitude  and
hase  coherence  components  were  combined,  and  responses
rom  higher  harmonics  were  also  included  in  the  detection
lgorithm.  In  comparison  to  the  use  of  information  only  from
he  ﬁrst  harmonic,  signiﬁcantly  higher  response  detection
ates  and  shorter  detection  times  were  observed  when  all
vailable  responses  (amplitude  and  phase)  from  ﬁrst  and
igher  harmonics  were  utilized.11
With  the  ASSR  Eclipse  device,  at  a  particular  intensity
evel,  the  response  is  considered  present  if  it  reaches  an
mplitude  level  that  is  within  95%  conﬁdence  within  the
efault  time  of  6  min.  In  the  current  study,  the  ASSR  mea-
urement  started  at  60  dB  nHL  of  intensity.  If  the  response
as  clearly  detected  (reached  95%  conﬁdence)  sooner  than
he  default  time,  the  trial  was  stopped  and  the  stimu-
us  intensity  was  decreased  by  10  dB.  If  the  conﬁdence
f  response  was  less  than  50%  during  the  ﬁrst  3  min,  the
rial  was  stopped  and  the  test  was  repeated  at  a  sim-
lar  level.  If  unclear  response  was  still  observed  (<50%
onﬁdence),  the  trial  was  stopped  and  the  stimulus  inten-
ity  was  increased  by  5  dB.  The  measurements  continued
ntil  ASSR  threshold  was  obtained.  The  ASSR  threshold  was
eﬁned  as  the  lowest  intensity  level  that  elicited  response
ith  95%  conﬁdence  in  6  min.  At  the  threshold  level,  the
easurements  were  repeated  twice  to  conﬁrm  the  test
eproducibility.  The  ASSR  threshold  was  obtained  at  each
est  frequency  at  different  MFs  and  for  both  recording
onditions.  To  avoid  fatigue  during  the  recording,  10  min
f  break  was  given  to  the  participants  between  each
rial.
tatistical  analysis
or  data  analysis,  both  descriptive  and  inferential  statis-
ics  were  used.  Mean  and  standard  deviation  (SD)  were
xpressed  as  applicable.  All  the  numerical  data  were  found
o  be  normally  distributed  as  shown  by  Kolmogorov--Smirnov
est  (p  >  0.05).  For  each  test  frequency,  two-way  repeated
easures  ANOVA  (with  mode  of  recording  and  MF  as  the
actors)  was  performed  to  compare  mean  ASSR  thresholds
etween  ipsilateral  and  contralateral  recordings,  as  well
s  between  40  Hz  and  90  Hz  MFs.  To  analyze  the  simple
ain  effects  (in  the  conditions  where  signiﬁcant  interac-
ion  effects  between  factors  were  observed  in  the  two-way
NOVA  analysis),  one-way  repeated  measures  ANOVA  was
onducted  to  compare  mean  ASSR  thresholds  among  the  fol-
owing  conditions:  ipsi-40  Hz,  contra-40  Hz,  ipsi-90  Hz,  and
ontra-90  Hz.  Prior  to  this,  the  Mauchly  test  was  carried
ut  to  test  the  assumption  of  sphericity.  For  pairwise  com-
arisons,  Bonferroni  correction  was  used.  The  statistical
igniﬁcance  level  was  set  at  p  <  0.05.  All  data  were  analyzed
sing  the  SPSS  software  v.  20  (SPSS  Inc.,  Chicago,  IL,  United
tates).
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Table  1  Descriptive  and  inferential  statistical  analyses  of  ASSR  thresholds  (in  dB  nHL)  for  different  modes  of  recordings  and
modulation  frequencies  at  speciﬁed  test  frequencies.
Test  frequency ASSR  threshold  (mean  ±  SD)  (dB  nHL) p-Value
Ipsilateral  Contralateral
40  Hz  MF 90  Hz  MF 40  Hz  MF 90  Hz  MF Mode  MF  Mode  ×  MF
500  Hz  22.6  ±  11.2  27.6  ±  12.4  18.4  ±  7.6  35.9  ±  12.3  0.359  <0.05* <0.05*
1000  Hz  15.9  ±  6.4  18.3  ±  8.9  14.5  ±  5.7  26.6  ±  12.9  0.048* <0.05* <0.05*
2000  Hz  19.7  ±  7.7  16.2  ±  7.4  16.4  ±  6.3  21.2  ±  11.7  0.651  0.562  <0.05*
4000  Hz  20.3  ±  5.8  16.0  ±  7.8  18.1  ±  6.0  19.7  ±  11.6  0.708  0.216  0.010*
MF, modulation frequency.
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esults
ean  and  standard  deviation  of  ASSR  thresholds  for  both
ecording  modes  at  different  MFs  at  speciﬁc  test  frequencies
re  shown  in  Table  1.  Descriptively,  except  at  the  4000  Hz
est  frequency,  contra-90  Hz  condition  revealed  the  highest
ean  ASSR  threshold  at  all  test  frequencies.  At  the  4000  Hz
est  frequency,  the  highest  mean  ASSR  threshold  was  noted
n  ipsi-40  Hz  condition.  At  500  and  1000  Hz  test  frequencies,
he  lowest  mean  ASSR  thresholds  were  noted  in  contra-40  Hz
ondition.  This  is  followed  by  ipsi-40  Hz  condition,  which
howed  slightly  higher  mean  ASSR  thresholds  than  that  of
ontra-40  Hz  condition  (4.2  and  1.4  dB  higher  at  500  and
000  Hz,  respectively).  Whereas  at  2000  and  4000  Hz  test
requencies,  ipsi-90  Hz  condition  produced  the  lowest  mean
SSR  thresholds.  The  second  lowest  mean  ASSR  thresholds
ere  found  in  contra-40  Hz  condition  (0.2  and  2.1  dB  higher
han  ipsi-90  Hz  condition  at  2000  and  4000  Hz,  respectively).
To  conﬁrm  these  descriptive  observations,  two-way
epeated  measures  ANOVA  was  conducted;  the  statistical
utcomes  are  shown  in  Table  1.  As  shown,  signiﬁcant  inter-
ction  effects  (between  mode  of  recording  and  MF)  were
ound  at  all  test  frequencies  (p  <  0.05).  Consequently,  the
nterpretation  of  the  main  effects  (i.e., the  effects  of  mode
f  recording  and  MF  on  ASSR  thresholds)  can  be  misleading.
o  address  this  issue,  one-way  repeated  measures  ANOVA
as  carried  out  and  the  simple  main  effects  were  deter-
ined.  At  all  test  frequencies,  Mauchly’s  test  of  sphericity
evealed  that  the  sphericity  had  not  been  violated  (p  >  0.05).
onsequently,  correction  of  the  degrees  of  freedom  was
ot  required.  Table  2  reveals  the  statistical  outcomes  of
his  analysis.  As  shown,  the  mean  ASSR  thresholds  among
he  conditions  (i.e., ipsi-40  Hz,  contra-40  Hz,  ipsi-90  Hz,  and
ontra-90  Hz)  were  found  to  be  statistically  different  from
ach  other  at  all  test  frequencies  (p  <  0.05).
The  pairwise  comparisons  using  Bonferroni  correction
t  each  test  frequency  was  then  performed;  the  results
re  shown  in  Table  2.  At  the  500  Hz  test  frequency,  sta-
istically  signiﬁcant  results  were  obtained  in  ‘ipsi-90  Hz  vs.
ontra-90  Hz’,  ‘contra-40  Hz  vs.  contra-90  Hz’,  ‘contra-40  Hz
s.  ipsi-90  Hz’  and  ‘contra-90  Hz  vs.  ipsi-40  Hz’  conditions
p  < 0.05).  At  the  1000  Hz  test  frequency,  three  condi-
ions  (i.e.,  ‘ipsi-90  Hz  vs.  contra-90  Hz’,  ‘contra-40  Hz  vs.
ontra-90  Hz’  and  ‘contra-90  Hz  vs.  ipsi-40  Hz’)  produced
tatistically  signiﬁcant  outcomes  (p  <  0.05).  At  both  the
o
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500  and  1000  Hz  test  frequencies,  the  mean  ASSR  thresh-
lds  were  statistically  different  between  contra-40  Hz  and
ontra-90  Hz  conditions.  This  supports  the  earlier  observa-
ion  that  the  contra-40  Hz  condition  produced  the  lowest
ean  ASSR  threshold,  while  the  contra-90  Hz  condition
evealed  the  highest  mean  ASSR  threshold.
At  the  2000  Hz  test  frequency,  only  one  condition  (i.e.,
ipsi-40  Hz  vs.  contra-40  Hz’)  revealed  a signiﬁcant  result
p  =  0.027).  Similarly,  at  the  4000  Hz  test  frequency,  only
ne  condition  (i.e.,  ‘ipsi-40  Hz  vs.  ipsi-90  Hz’)  produced  a
tatistically  signiﬁcant  outcome  (p  =  0.007).
iscussion
omparison  between  low  and  high  modulation
requencies
ecall  that  the  present  study  aimed  to  compare  the  ASSR
hresholds  recorded  at  high  and  low  modulation  frequencies,
s  well  as  between  ipsilateral  and  contralateral  recordings
n  healthy  adults.  At  the  500  and  1000  Hz  test  frequen-
ies,  no  signiﬁcant  differences  in  ASSR  threshold  were
ound  between  ipsi-40  Hz  and  ipsi-90  Hz  conditions.  How-
ver,  contra-90  Hz  condition  produced  signiﬁcantly  higher
SSR  thresholds  than  that  of  contra-40  Hz  condition.  The
eak  efﬁciency  of  ASSR  at  low  frequencies  and  at  high
F  found  in  the  present  study  is  in  line  with  previous
tudies.12--14 The  possible  reason  is  that  the  ASSR  at  high
F  is  generated  predominantly  by  the  auditory  brainstem.
onsequently,  it  shows  almost  similar  performance  with  ABR
n  the  threshold  testing.15,16 Elevated  ABR  thresholds  at  low
requencies  have  been  well  documented  and  are  related  to
oorer  neural  synchrony.17,18
At  the  500  and  1000  Hz  test  frequencies,  lower  mean
SSR  thresholds  were  observed  at  40  Hz  MF  than  at  90  Hz  MF.
n  this  situation,  40  Hz  ASSR  seems  to  be  superior  to  90  Hz
SSR,  since  it  produced  lower  thresholds  (perhaps  closer  to
he  behavioral  hearing  thresholds).  The  superiority  of  ASSR
t  low  MF  is  consistent  with  the  previous  reports.6,14 van
er  Reijden  et  al.14 conducted  a  study  to  compare  thresh-
lds  between  tone  burst  ABR  (t-ABR)  and  ASSR  (at  40  and
0  Hz  MFs)  at  500  and  2000  Hz  CFs.  They  then  found  that
0  Hz  ASSR  yielded  the  lowest  thresholds,  particularly  at
00  Hz  CF.  ASSR  at  low  MF  is  generated  by  the  auditory
ARTICLE IN PRESS+Model
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Table  2  p-Values  for  one-way  repeated  measures  ANOVA  and  pairwise  comparisons  at  each  test  frequency.
Statistical  test  Test  frequency  (Hz)
500  1000  2000  4000
One-way  ANOVA  0.001* 0.001* 0.007* 0.036*
Pairwise  comparison
Ipsi-40  Hz  vs.  contra-40  Hz 0.171 0.966 0.027* 0.209
Ipsi-90 Hz  vs.  contra-90  Hz 0.014* 0.001* 0.014* 0.240
Ipsi-40 Hz  vs.  ipsi-90  Hz 0.674 1.000 0.114 0.007*
Contra-40  Hz  vs.  contra-90  Hz  0.001* 0.001* 0.106  1.000
Contra-40 Hz  vs.  ipsi-90  Hz  0.003* 0.382  1.000  0.892
Contra-90 Hz  vs.  ipsi-40  Hz  0.001* 0.001* 1.000  1.000
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midbrain, thalamus,  and  primary  auditory  cortex.19 If  com-
pared  with  high  MF  ASSR  (i.e., predominantly  generated  by
the  auditory  brainstem),  lower  ASSR  thresholds  at  40  Hz  MF
is  possibly  due  to  increased  neural  connections  and  binaural
activities  within  these  upper  regions  of  CANS.4 Furthermore,
since  female  subjects  were  also  included  in  the  present
study,  the  superiority  of  ASSR  at  40  Hz  MF  might  also  be
inﬂuenced  by  a  hormonal  factor.  Estrogen,  the  primary  sex
steroid  for  females,  is  known  to  affect  GABAergic  transmis-
sion  that  modulates  ASSR  amplitudes  (see  Zakaria  et  al.20
and  Griskova-Bulanova  et  al.21 for  detailed  discussions).
At  2000  and  4000  Hz  test  frequencies,  the  mean  ASSR
thresholds  found  in  the  present  study  were  descriptively
lower  in  ipsi-90  Hz  condition  than  in  ipsi-40  Hz  condition.
This  difference  was  then  found  to  be  statistically  signif-
icant  only  at  the  4000  Hz  test  frequency  (Table  2).  Both
conditions  (‘ipsi-40  Hz  vs.  ipsi-90  Hz’  and  ‘contra-40  Hz  vs.
contra-90  Hz’)  revealed  insigniﬁcant  statistical  results  at  the
2000  Hz  test  frequency.  These  ﬁndings  are  inconsistent  with
the  results  of  the  previous  studies  that  found  lower  ASSR
thresholds  with  low  MF  stimuli.6,14 The  reason  for  this  dis-
similarity  is  unclear  and  possibly  due  to  the  methodological
difference.  The  present  study  used  narrow  band  CE-chirp®
stimuli  for  determining  ASSR  thresholds,  whereas  pure  tones
were  utilized  for  recording  ASSR  thresholds  in  the  previous
studies.  Since  the  stimuli  used  are  different,  some  differ-
ences  in  the  study  outcomes  would  be  expected.
Comparison  between  ipsilateral  and  contralateral
recordings
In  the  ﬁeld  of  ASSR,  literatures  regarding  the  inﬂuence  of
ipsilateral  and  contralateral  recordings  are  limited.  In  the
present  study,  the  majority  of  test  frequencies  (500,  1000,
and  4000  Hz)  found  no  signiﬁcant  differences  in  ASSR  thresh-
old  between  ipsi-40  Hz  and  contra-40  Hz  conditions.  This
suggests  that  the  mode  of  recording  has  a  subtle  inﬂuence  on
ASSR  thresholds  evoked  by  low  MF  stimuli.  This  ﬁnding  is  in
line  with  the  study  by  Kaf  and  Danesh8 that  found  no  signif-
icant  differences  in  ASSR  amplitudes  and  latencies  between
ipsilateral  and  contralateral  recordings  at  500,  2000,  and
4000  Hz  CFs  with  39  Hz  MF.
In  contrast,  for  90  Hz  MF  stimuli,  ipsi-90  Hz  condition
produced  statistically  lower  ASSR  thresholds  than  that  of
F
e
montra-90  Hz  condition  at  500,  1000,  and  2000  test  fre-
uencies.  In  fact,  at  these  test  frequencies,  contra-90  Hz
ondition  revealed  the  highest  mean  ASSR  thresholds.
erein,  a  signiﬁcant  mode  of  recording  effect  on  ASSR
hresholds  is  noted  for  high  MF  stimuli.  This  result  contra-
icts  high  MF  ﬁndings  in  the  study  of  Kaf  and  Danesh.8 That
s,  in  their  study,  the  ASSR  amplitudes  and  latencies  between
psilateral  and  contralateral  recordings  were  not  found  to  be
tatistically  different  from  each  other  at  all  tested  CFs  with
9  Hz  MF.  This  dissimilarity  is  possibly  due  to  the  method-
logical  difference.  While  the  present  study  employed  ASSR
hreshold  determination,  Kaf  and  Danesh8 recorded  ASSRs
t  a  supra-threshold  level  (i.e., 65  dB  SPL).  As  stated  ear-
ier,  ASSRs  recorded  at  threshold  and  supra-threshold  levels
ight  yield  different  outcomes.9
The  superiority  of  high  MF  ASSR  in  recording  ipsilateral
SSR  thresholds  found  in  the  present  study  is  also  incon-
istent  with  the  study  by  Small  and  Stapells.22 For  adults,
hey  found  that  the  ASSR  thresholds  recorded  at  high  MFs
etween  ipsilateral  and  contralateral  recordings  were  not
tatistically  different  at  500,  1000,  2000,  and  4000  Hz  CFs.
he  reason  for  this  disagreement  is  perhaps  due  to  differ-
nce  in  sample  size.  While  Small  and  Stapells22 recorded
SSR  thresholds  in  11  adults,  the  present  study  recruited
 higher  number  of  participants  (n  = 29).  It  is  known  that
 larger  sample  size  would  increase  the  statistical  power
nd  the  likelihood  for  rejecting  the  null  hypothesis.23 In
ther  words,  the  signiﬁcant  ipsilateral  ASSR  results  obtained
or  high  MF  in  the  present  study  seem  valid  due  to  the
arger  sample  size.  Nevertheless,  the  ﬁndings  of  the  cur-
ent  study  are  consistent  with  previous  studies  in  infants.7,22
an  Maanen  and  Stapells7 determined  ASSR  thresholds  and
mplitudes  in  two  age  groups  of  infants  (>6  months  and  ≤6
onths)  at  CFs  of  500,  1000,  2000,  and  4000  Hz  modulated
etween  81  and  101  Hz.  They  then  found  that  the  contralat-
ral  ASSRs  showed  much  smaller  amplitudes  and  were  often
bsent  relative  to  the  ipsilateral  responses.  In  line  with  this,
mall  and  Stapells22 found  that  for  infants  (mean  age  of  21
eeks),  the  ipsilateral  ASSR  thresholds  were  signiﬁcantly
ower  than  the  contralateral  ASSR  thresholds  at  all  tested
Fs  for  both  air-  and  bone-conduction  stimulations.The  present  study,  nonetheless,  has  some  limitations.
irstly,  due  to  the  signiﬁcant  interaction  effects,  the  speciﬁc
ffect  of  test  frequency  on  ASSR  thresholds  is  not  deter-
ined.  Herein,  the  occurrence  of  more  complex  interaction
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ffects  was  anticipated  if  frequency  is  included  as  one  of  the
actors.  Secondly,  the  present  study  only  tested  the  right  ear
f  the  participants.  Since  ASSR  shows  a  pronounced  lateral-
ty  effect,24 the  outcomes  of  the  present  study  might  not  be
pplicable  to  the  left  ear.  In  this  regard,  future  studies  are
arranted  to  compare  the  ASSR  thresholds  between  ears,  as
ell  as  to  further  support  the  relevance  of  recording  mode
nd  modulation  frequency  in  ASSR  recording.
onclusions
n  effort  has  been  made  to  determine  the  inﬂuences
f  mode  of  recording  and  modulation  frequency  on  ASSR
hresholds  in  young  adults.  At  low  frequencies  (500  and
000  Hz),  the  40  Hz  MF  produced  lower  ASSR  thresholds  than
hat  of  90  Hz  MF.  At  high  frequencies  (2000  and  4000  Hz),  the
psi-90  Hz  produced  the  lowest  ASSR  thresholds.  Based  on
he  outcomes  of  the  present  study,  the  authors  suggest  two
ifferent  protocols  for  an  optimum  threshold  determination
ith  ASSR  in  young  adults.  In  the  ﬁrst  protocol,  the  use  of
ow  MF  stimuli  for  recording  ASSR  thresholds  at  low  frequen-
ies  is  suggested.  At  high  frequencies,  high  MF  stimuli  are
ecommended.  For  all  conditions,  the  recording  mode  is  ipsi-
ateral.  In  the  second  protocol,  the  use  of  low  MF  stimuli  is
ecommended  for  determining  ASSR  thresholds  at  all  test
requencies  with  contralateral  recording.
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